Abstract: Reported here are optical fibers exhibiting significant longitudinal changes in optical properties over short lengths. The Brillouin gain is found to decrease by over 6 dB relative to a standard optical fiber as a result
Introduction
Optical fibers are effective tools for the management of light and applications abound for their use. While the intensity of light propagating through the fiber can change along the fiber length, the microstructural features and material properties of the fiber generally do not. Methods have been employed to modify the longitudinal refractive index of the fiber either permanently (e.g., changing fiber diameter or tapering [1, 2] ) or non-permanently (e.g., locally applying temperature [3] or strain [4] ). Such longitudinal changes influence the modal or propagation characteristics of the optical (or acoustic) field in the fiber and, consequently, have been used to control a variety of optical properties [5, 6, 7] . In this work, a simple method is reported to shape the compositional profile of the core along a short length (10 -20 m) of optical fiber. By controlling the properties of the fiber along its length through the core glass composition, rather than dimension, strain, or temperature, a series of other useful opportunities present themselves. 
Experimental Procedure
The general process employed here follows that described by Rice, et al. and Evert, et al [8, 9] . Briefly, a radial refractive index profile is generated in a silica preform using conventional chemical vapor deposition methods. This radial profile is transformed into a longitudinal profile by core-drilling a rod through the side of the preform. This rod, which contains a portion of the core as well as two end sections of the cladding glass, then is sleeved inside a lower refractive index tube which now acts as the preform for the subsequent drawing of the longitudinally-graded optical fiber (LGF).
Results and Discussion
The refractive index profile of the initial as-made preform along with the germania (GeO 2 ) concentration as a function of fiber position are shown in Fig. 1 . Also shown in Fig. 1 are two representative gradients where the measured GeO 2 content changes by 5.46% or 2.45% over a 10 meter length. The index difference changes by about 0.001, representing a numerical aperture change of 0.012746 (~ 10%), over a distance of only 16.6 m verifying that the fiber indeed possesses a gradient in refractive index along its length.
Since such material changes will influence the fiber's optical and acoustic properties, stimulated Brillouin scattering measurements were performed on the LGF and compared to those from a conventional optical fiber (Corning SMF-28 TM ). The measured spectral width of the SMF-28 TM fiber was about 29 MHz. However, the spectral width of the LGF is approximately 80 MHz, representing a broadening by about 50 MHz, or an increase of about 4.4 dB.
Integrating the spectra such that the total integrated Brillouin gain is conserved [10] yields a Brillouin gain coefficient for the longitudinally-varying optical fiber of about 6.7 dB below that of the standard commercial singlemode longitudinally-invariant optical fiber.
Conclusions
A new simple and versatile method for fabricating optical fibers with a longitudinal composition gradient was developed. MCVD-derived germanosilicate fibers were fabricated with a gradient of up to about 0.55 weight % GeO 2 per meter and refractive index difference of about 0.001 over lengths of less than 20 m. The SBS spectrum of the LGF was use to demonstrate a 4.4 dB increase in the spectral width relative to a standard commercial single mode fiber, over a fiber length of only 17 m. The method employed shown to potentially provide for a wide variety of longitudinal refractive index and acoustic velocity profiles and core shapes, such as rectangular core optical fibers. Such proof-of-concept fibers show promise for SBS suppression in high energy laser systems as well as mode control in various communication, amplifier, and sensing optical fiber-based applications.
